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Abstract—This paper proposes metamaterial (MTM) antenna 
based on electric field coupled resonator (ELC) for frequency 
reconfigurable antenna. It is composed of CPW fed straight line 
monopole and ELC resonator with the size of 11mm x 14 mm. By 
inserting two PIN diodes between the gaps at both side of the 
ELC resonator, it is possible to switch ON or OFF the unit cell. 
The antenna has been simulated using CST Microwave Studio 
software tool. The simulation result shows that the proposed 
antenna is capable of reconfiguring up to four modes for five 
different frequencies which are 2.0 GHz, 2.10 GHz, 2.14 GHz, 
2.54 GHz and 2.92 GHz. 
Keywords—metamaterial (MTM); electric field coupled 
resonator (ELC); reconfigurable; PIN diodes. 
I.  INTRODUCTION  
Metamaterials (MTMs) exhibits some specific features 
which are not found in theconventional material. The 
parameter of antenna like gain and bandwidth can be improved 
by using MTMs. MTM concept was first conceived by 
Veselago in 1968 [1]. He revealed the existence of material 
having both negative permeability and permittivity over a 
given frequency range. He also proves that the pointing vector 
and wave vector are in opposite direction where the 
permeability and permeability are negative. The physical 
realization of double negative (DNG) materials was a big 
challenge. Therefore, in 1999 Pendry comes out with the 
practical method for physical realization of a structure having 
negative permeability [2]. In 2000, the realization method of 
the double negative medium was introduced by Smith [3]. Thin 
wire and Split Ring Resonator (SRR) is used to realize negative 
permeability and permittivity. They are many other resonant 
structures that can be used to realize both single negative 
(SNG) and DNG materials such as ELC, complimentary SRR, 
and omega shape resonator. 
Negative permittivity and permeability of these engineered 
structures can be utilized for making electrically small antenna, 
highly directive, and reconfigurable antennas. Reconfigurable 
antennas change polarization, operating frequency, or far-field 
pattern in order to cope with the changing of system parameters 
[4]. Reconfigurability in antenna allows us for spectrum 
reallocation in multi-band communication systems, dynamic 
spectrum management, reduces the number and size of the 
antenna in a system.  
The idea of using MTM for frequency reconfigurable 
antenna is supported by a study in [5], which is composed of a 
monopole with two negative permeability double SRR cells of 
different size that are used to create new resonances and a 
notch. By using a single switch at each cell, the antenna can be 
switched between four different frequency responses. The 
Author in [6] also used two unit cells. However, different kind 
of  resonator which is double SRR and omega shape resonator 
is used. However, it was later shown by [7] and [8], the 
reconfigurable can be achieved by the switch between a 
conventional and a modified unit cell structure.  
In this paper, frequency reconfigurable epsilon negative 
MTM antenna based on coupled electric field resonator has 
been designed. As presented in [9], an ELC resonator 
comprises metallic loops (inductive) and a dielectric gap 
(capacitive) forming an LC equivalent. In this work, the 
effective permittivity (ɛr) and effective permeability (µr)of the 
ELC resonator are presented. The proposed antenna operates in 
five different frequency responses depending on PIN diodes 
ON and OFF states.  
II. METAMATERIAL UNIT CELL 
Fig. 1 shows a schematic view of the proposed MTM unit 
cell named as ELC resonator with the size of 11mm x 14 mm. 
The ELC resonator is designed to have a shared inductive stub 
at the center, with two capacitive gaps at both sides.  
 
Fig.1 ELC Resonator 
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The proposed unit cell is designed on an FR4 substrate with the 
dielectric constant of 4.5, the thickness of 1.6 mm and loss 
tangent of 0.019. Then, the unit cell is simulated in CST 
microwave Studio. Usually, a resonant structure is simulated 
by setting Perfect Electric-boundary Condition (PEC) on the y-
axis, Perfect Magnetic-boundary Condition (PMC) on the z-
axis and open boundary condition on the x-axis where the 
electromagnetic wave is excited. The simulated S-parameter 
(S11 and S21) are used in Nicholson-Ross-Weir techniques 
(NRW) to extract the effective permittivity and permeability. 
The results are shown in Fig. 2. 
 
Fig. 2 Real Permittivity and Permeability of ELC resonator 
According to the result of Fig. 2, it can be seen that the 
effective permittivity is negative and spans from 1.95 GHz to 
2.95 GHz. The result also shows that the ELC resonator is 
dominated by the electric response. 
III. ANTENNA DESIGN 
The antenna that used in this paper is monopole antenna. 
The MTM unit cell is used in front of the antenna. Both 
structures are designed on an FR4 substrate with the dielectric 
constant of 4.5, the thickness of 1.6 mm and loss tangent of 
0.019. The overall antenna size is 65 x 60 mm
2
. The 
geometrical structure of proposed antenna is described in Fig. 
3. All the antenna dimensions are tabulated in Table 1. Fig. 4 
shows the Two PIN diodes are embedded between the gaps at 
both sides of the ELC resonator.  
 
 
 
 
 
Fig. 3 Configuration of the proposed antenna 
 
 
TABLE.I     DIMENSIONS OF PROPOSED ANTENNA 
 
Parameters L W g La 
Value (mm) 65 60 0.3 44.9 
Parameters Ls Lg Wa 
Value (mm) 23.5 30.6 3.0 
 
  
Fig. 4 Antenna with the PIN Diodes 
 
 
IV. RESULTS AND DISCUSSION  
The antenna has been simulated using CST Microwave 
Studio software tool. In the simulations, the effect of the 
BAR50-02V pin diodes switches has been taken into account 
by using their S-parameters provided by the manufacturer. Fig. 
5 gives five (5) different antenna operating modes 
corresponding to the different switch configurations. 
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Fig.5 Simulated reflection coefficient 
 
When both of the diodes are switched ON, the MTM 
behavior of ELC resonator disappears and their effect is 
deactivated. The antenna is resonating at 2.14 GHz. Only the 
monopole antenna is now radiating. When both of the diodes 
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are switched OFF, the ELC resonator is activated, and the 
antenna is resonating at 2.00 GHz and 2.54 GHz. The 
monopole resonating frequency is shifted from 2.14 GHz to 
2.54 GHz. When the diode D1 is switched OFF and diode D2 
is switched ON, the antenna resonating at 2.10 GHz and 2.92 
GHz. At this condition, the monopole resonating frequency is 
shifted from 2.14 GHz to 2.10 GHz. When the diode D2 is 
switched OFF and diode D1 is switched ON, the antennas 
resonate at the same frequency. The monopole resonating 
frequency is shifted due to mutual coupling between the MTM 
unit cell and the monopole.   
The simulated surface current distributions at different 
diode configuration are obtained. Fig. 6 shows the current 
distribution at different switch configuration. Fig. 6(a) shows 
the current distribution when both of the diodes is ON with the 
operating frequency 2.14 GHz. Strong current distributions 
can be noticed along the monopole structure because the ELC 
resonator is deactivated by switched ON both of the diode. 
Fig. 6(b) shows the current distribution when both of the 
diodes is OFF. When both of the diodes are OFF, the ELC 
resonator is activated. Strong current distribution now is along 
the ELC resonator with the operating frequency of 2.00 GHz. 
Fig. 6(c) shows the current distribution when diode D1 is 
switched OFF and diode D2 is switched ON. From the figure, 
strong current distribution is at the right side of the ELC 
resonator with the operating frequency is at 2.92 GHz. Fig. 
6(d) shows the current distribution when diode D2 is switched 
OFF and diode D1 is switched ON. The operating frequency is 
the same with the condition when diode D1 is OFF. However, 
the strong current distribution is at the left side of the ELC 
resonator.  
 
                    
                (a)                                                      (b) 
 
                    
                  (c)                                                       (d) 
 
Fig. 6 Surface current distribution. (a) Diode D1 and D2 ON (b) Diode  D1 
and D2 OFF (c) Diode D1 OFF and D2 ON (d) Diode D2 OFF and D1 ON 
 
Fig. 7 shows the simulated radiation pattern at different switch 
configuration for both E and H-planes. An omnidirectional 
pattern is obtained in the H-plane and a bi-directional pattern 
in E-plane. 
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(c) 
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(d) 
Fig.7 Simulated radiation pattern. (a) Diode D1 and D2 ON (b) Diode D1 and 
D2 OFF (c) Diode D1 OFF and D2 ON (d) Diode D2 OFF and D1 ON 
 
 
V. CONCLUSION 
 
A Frequency reconfigurable epsilon negative MTM antenna 
based on the electrically coupled resonator has been presented. 
The proposed antenna is capable of reconfiguring up to five 
different frequencies which are 2.0 GHz, 2.10 GHz, 2.14 GHz, 
2.54 GHz and 2.92 GHz. 
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